We observed the low mass X-ray binary XB 1254-690 with the Rossi X-ray
dipping on the 3.9-hr orbital period and a high degree of variability were observed, individual (XB 1254-690) --X-rays: stars
Introduction
Approximately 10% of the low mass X-ray binaries (LMXBs) exhibit X-ray dipping at the orbital period due to absorption in the bulge on the outer accretion disk where the accretion flow from the companion star impacts. Data from these sources provide substantially more information about their system geometry and physics than those from non-dipping sources; physical models for the X-ray emission are strongly constrained by the requirement that they explain not only the persistent non-dip emission spectrum, but also intensityselected spectra obtained from every level of dipping.
Dips with a recurrence period of 3.88+0.15 hr were discovered in EXOSAT data from XB 1254-690 by Courvoisier et al. (1986 Over the last 10 years it has been shown that one part, icular physical model has been able to fit the non-dip and dip spectra of all of the other dipping LMXBs. This model consist_s of point-like blackbody emission from the surface of the neutron star, plus a component (lue to Comptonized emission fiom an extended accretion disk corona (ADC) located above the disk (Church & Batncifiska-Church 1985; Church et al. 1997; Smale et al. 2001) . Application of this model has revealed details of the emitting regions. In particular, it has been shown that the ADC is very extended, typically 5x 10 4 km in radius but varying between 5x i0 a km and 5x10 a km in different sources (Church 2001) , and that the blackbody emission must arise on the neutron star surface rather than in the accretion disk (Chltrch & Batucifiska-Church 2001 (Jahodaet al. 1996) .PCUs0, 2, and a were reliably on during the first observation, and PCUs 0 and 2 during the second. However, the observations presented here occurred subsequent to the loss of the propane layer in PCU0. The loss of this window has led to a higher background countrate in this detector, and also in a gain difference for PCU0 such that at 20 keV the channel-energy relationship for PCU0 differs from the other
PCUs by" >1 keV. For these reasons we chose to exclude data from PCU0 when performing the detailed spectral fitting work described below.
The PCA light curves and spectra were extracted using the standard RXTE analysis software, FTOOLS 5.1, and spectral fitting was performed using XSPEC. Again, the vertical ticks indicate the expected times of dips, as extrapolated from the earlier observation using the period derived by Motch et al. (1987) .
(Batucinska- Church et al. 2001) . A complete analysis of physical changes taking place during flaring in XB 1254-690 will be presented in an upcoming paper (Church et al. 2002a) . that the absorber has larger angular extent than all emission regions (Church et al. 1997 ).
In Figure 3 we also see that XB 1254-690 exhibits clear "shoulders" of dipping, i.e. regions both before and after the deep dipping in which there is a small decrease of intensity. Each shoulder of the dip lasts --650-925 s, during which the total count rate in the 2-25 keV band drops by _-,15%. The shoulder is fbllowed by an interval of strongly variable deep dipping lasting _1100 s. Taking this into account, a full dip lasts _3000 s, equivalent to _,,21% of the orbital cycle.
This behavior has also been seen in X 1624-490, which has marked shoulders of dipping lasting 10 20 ks each side of the main dipping, first seen in EXOSAT data (Frank, King & Raine 1992; Church & Batucifiska-Church 1995) . In our analysis of RXTE data from X 1624-490 we found that the shoulders are almost certainly due to electron scattering in the outer fully ionized layers of the absorber . 
Hardness ratios
In Figure 4 we compare the variation of hardness with overall intensity in X 1254-690
with that of X 1624-490 . Here, the hardness ratio is defined as the ratio of the counts in the 10-25 keV and 2 5 keV bands. This representation shows that there are strong similarities in the behavior of tile two sources.
First, the increase of hardness during X-ray flaring can be seen in both sources. Experimentation shows that this flaring is predominantly a higher energy phenomenon seen above _7 keV in the light curves, leading to the hardness increase. Immediately below the nondip level in XB 1254-690 (marked on Fig. 4) 
Persistent emission spectrum
We confine our spectral analysis to the high quality data of the first dip (Fig. 3) , as this appeared to be entirely free from X-ray flaring which would strongly modify the spectra, the dip was very deep and not broken by data gaps, and because there were small overal changes in non-dip intensity with time which make it undesirable to select data in intensity bands across the whole observation. Figure 3 shows that dipping is essentially 100% deep in the lowest energy band of 2-5 keV which implies that the absorbing region has larger angular extent than all source regions.
As rapid variability took place during the dipping, selection of the persistent and dip spectra was made using the PCA data obtained with high time resolution in Good Xenon mode. The persistent spectrum was selected using good time intervals based on the 1 s light curve in the 2-25 keV band, using the top layers of PCU 2 and PCU 3 in the 140--150 c s -1 intensity band. As the low_,st well-calibrated energy in t)('A data is _2.5 keV, it is not possible to accurately constrain column density from spectral fitting. In our spectral fitting we thus froze the Galactic column density at the value measuredtowardsXB 1254-690 in the 21 cm radio surveyof DickeyandLockman(1990):0.29x 1022 cm-2. Wepresentthe fit to the persistent emissionin Figure5, and the fit parametersin Table1; errorsquotedare 90%confidence. First, spectra were selected in intensity bands across the whole dip. However, Fig. 3 shows the high degree of variability during dipping, implying that it may be difficult to avoid mixing data from different intensity bands in the selection.
This was the reason that the intensity selection was made using a light curve with I-second binning.
To test this possibility, a second data selection was performed using a subset of data selected between times 2200-2400 s in Fig. 3 , to include only data from a sub-dip during which there were no excursions back to non-dip intensity. In this way possible effects due to mixing data due to the rapid variability were avoided. Although the count statistics for the second set of spectra were degraded compared with spectra obtained from the whole dip, the results clearly agreed with those of the first set, from the whole dip, and showed no evidence for mixing effects (which may, for example, be manifested as difficulty in fitting intermediate-level dip spectra). Hence we proceeded using spectra obtained from data from the whole dip.
First, the two-component progressive coveringmodelwasappliedto thesespectra:
AC*(AB,*BU+((1 -h + AU2*I) *CPL)
where AB1 and AB2 are the additional absorption of the blackbody and cut-off power law components respectively, and f is the covering factor of the cut-off power law component. decrease being spuriously modeled by a large increase in column density, when in reality the spectrum showed no evidence tbr a genuine increase of NH. The energy-independent, vertical shift downwards of the shoulder spectrum implies that electron scattering in the outer highly-ionized regions of tile accretion disk was taking place, as in X 1624-490 ). Consequently, we replaced the progressive covering term applied to the cut-off power law with the following model:
such that an electron scattering term described by an electron column density Ne and the Thomson cross section _rrr is added to the photoelectric absorption in the progressive covering term.
Using this model, sensible fit results were obtained for the shoulders of dipping and for deeper levels of dipping. Spectral fits were performed keeping the best-fit parameters of the persistent emission frozen at the values shown in Table 1 . The folded and unfolded spectra with fits are shown in Figure 6 , and the best-fitting parameters for the shoulder and dip spectra are given in Table 2 . In Figure 7 we show the evolution of the column densities and covering fraction with count rate during the dipping. Dec 6-7, remarkably exhibits both X-ray flaring and X-ray bursts -but no dipping -and will be discussed in Paper II. The high degree of variability during dipping on relatively rapid timescales is associated with absorption of point-source emission, and demonstrates the blobby nature of the absorber. In addition to this rapid variability, we also detected for the first time in this source extended shoulders of dipping both before and after the deep dipping. Similar shoulders are seen in X 1624-490 (Frank et al. 1992; Church & BatucifiskaChurch 1995) , and our previous work shows that the shoulders are almost certainly caused by electron scattering in the outer layers of the absorber 
--+-I i l The most important consequence of progressive coveringis that it provesby itself that the Comptonizingregionproducingthe hard, non-thermalemissionmust be very extendedif it is only gradually overlappedby absorber.The long dip ingresstime confirmsthis, asseen by the long period overwhich intensity decreases in tile shouldersof dipping (Fig. 3) , which is then continuedas dipping deepens.In other dipping sources, dip ingressmeasurements havealsorevealeda very largesizefor the radius rAPeof the ComptonizingADC; typically 50,000km, but varying between5,000and 500,000km for differentsources (Church,2001) . The fact that the depth of dipping reached100%in this sourceconfirmsthat the envelope of the absorberhaslarger angularextent than the most extendedemissionregion, i.e. the ADC. In this case,the ingresstime At depends on the source diameter, and 2 rr rdisk/P = dADC/At where rdisk is the disk radius, P is the orbital period, and dADC is the diameter of the ADC, since the ingress times depend on the velocity of material in the outer disk. In addition, the total duration of dipping, i.e. between times when the intensity is at the non-dip level, depends on the sum of the extended source diameter and the absorber diameter, which we will also use below. Because of the strong variability during dipping in XB 1254-690 it is less easy to determine an accurate dip ingress time than in sources where there is no variability.
However, the total duration of dipping is well-determined at 3000=t=100 s, as is the duration of deep dipping at 1100±100 s (measured from when the depth of dipping first reaches reaches 100% till it last reaches 100%). From these we obtain a dip ingress time At of 950+140 s.
Using an orbital period of 14.16 ksec (=3.93 hr) and a neutron star mass of 1.4 Mo;, an accretion disk radius can be calculated of 4.08 x 10 l°cm (Frank et al. 1987) . From the value of At, we then derive a value of rAPe of 1.77 + 0.14 x 10 l°cm, i. This, of course,refersto the major Comptonizedemissioncomponentthat dominates the spectraof low massX-ray binariesin their usualstateof persistentemission.It doesnot ruleout possiblemodificationof the otheremissioncomponent, the neutronstar blackbody emissionthat has been inferred to take placein someX-ray bursts, nor doesit apply to transiently-accreting neutron starsin quiescence (at luminositiesof 1033 erg s-l), whenthe neutron star blackbodyemissionis expectedto be modified by percolationof high energy photonsupwardsin the atmosphere (Rutledgeet al. 2000) .The extentto whichmodification of the blackbodyemissiontakesplacein bursts,flaresand non-burstemissionis discussed by Batucifiska-Chureh et al. (2001) . 
